Data were collected over two separate year-long test periods at the Net-Zero Energy Residential Test Facility, a laboratory designed to evaluate a variety of technologies and operational strategies that lead to energy efficient houses with comfortable and healthful indoor environments. In a net-zero energy building, all energy consumption over the course of a year is offset by on-site renewable energy production; this facility attempts to meet that goal through use of a photovoltaic array installed on the roof. Data are presented for one-year test periods over which the research team examined whether the facility would reach net-zero status. In both years, the house was operated in an all-electric configuration, with slight modifications made in the second year related to control schemes and equipment selection. A virtual family of four was simulated to carry out the operations that would typically occur in a home (e.g., appliance usage, lighting usage, hot water usage). Data are being released for the second year of operation at the time of publication of this document, with an expectation that data from the first year will be released at a later date.
Summary
Data were collected over two separate year-long test periods at the Net-Zero Energy Residential Test Facility, a laboratory designed to evaluate a variety of technologies and operational strategies that lead to energy efficient houses with comfortable and healthful indoor environments. In a net-zero energy building, all energy consumption over the course of a year is offset by on-site renewable energy production; this facility attempts to meet that goal through use of a photovoltaic array installed on the roof. Data are presented for one-year test periods over which the research team examined whether the facility would reach net-zero status. In both years, the house was operated in an all-electric configuration, with slight modifications made in the second year related to control schemes and equipment selection. A virtual family of four was simulated to carry out the operations that would typically occur in a home (e.g., appliance usage, lighting usage, hot water usage). Data are being released for the second year of operation at the time of publication of this document, with an expectation that data from the first year will be released at a later date.
Data are captured as a time series where one data element is acquired every minute from each of 379 parallel data channels; these channels record a variety of quantities that are critical to evaluating the performance of the building. Among those quantities are: room temperatures, room relative humidities, electricity consumption by various devices, photovoltaic energy generation, outdoor conditions, operational status of devices, water temperatures, water flow rates, and airflow rates. Specifications are provided to fully describe the facility and its components, and an accompanying link provides design drawings and a data dictionary with key metadata for each of the channels. 
Methods
In 2012, the National Institute of Standards and Technology (NIST) completed construction of the Net-Zero Energy Residential Test Facility (NZERTF), a testbed designed as a single family house for use in developing measurement science for assessing equipment and strategies for achieving energy efficient homes with good indoor environmental quality [1] . After extensive instrumentation and planning, NIST began a one-year test period on July 1, 2013, to assess whether the building could achieve net-zero operation, meaning that the amount of energy consumed by the home over the course of a year would be less than that generated by the photovoltaic (PV) system located on the roof of the facility. The house was operated in an all-electric configuration with a simulated family of four carrying out activities that would be expected in a typical American household. The home achieved net-zero status during this year of monitoring, with the PV system generating 13 523 kWh of electricity compared to the 13 039 kWh consumed [2] . Following that first year of operation, NIST embarked on a second year of operation starting on February 1, 2015, after making changes to certain operational control schemes. Year 2 results showed an improvement over Year 1, with the annual net energy returned to the electrical power grid increasing from 484 kWh to 2240 kWh. This increase in net energy to the grid largely arose because of lower energy consumption, as the electricity generated from the photovoltaic array was very similar for the two years [3] .
NIST, in conjunction with the U.S. Department of Commerce Data Service, is making available data from the operation of the facility during these two test years at https://pages.nist.gov/netzero/ [4]. The data from the second year of operation is being released first. Data from Year 1 will be released after the Year 2 data are published and feedback is gained on the effectiveness of the dataset and the accompanying explanatory information.
Data were recorded on a minutely basis from a range of sensors that monitored electricity usage, equipment performance, indoor conditions, and outdoor conditions. Data also indicate whether or not loads were activated as well as the amount of heat that each load introduced into the space. While every effort was made to minimize disruptions in data flow, there were times during the test phase when data were not available or particular subsystems within the house were not operating properly. A log of such instances is maintained on the website where the data can be accessed. The dataset for Year 2 has fewer data gaps and operational anomalies than Year 1, which contributed to the decision to make Year 2 data available first. The datasets for Years 1 and 2 contain minutely entries for 98.5 % and 98.8 % percent, respectively, of the annual maximum total of 525 600 minutely entries. In addition to the minutely data, the values are compiled on an hourly basis to provide the data in file sizes that are smaller than the full minutely data set. Each channel is converted to an hourly value by either averaging all data points, taking the final reading of the hour (e.g., in cases where each minute is a cumulative value of consumption), or summing all values for the hour. The manner in which the data are converted to hourly values is provided in the metadata file on the website.
The reader is referred to the resources listed in Table 1 Measurement approaches employed in the facility: Davis et al. 2014 [8] The data website contains a data dictionary that includes two main parts. Part I of this data dictionary lists a table of characteristics of the NZERTF that are consistent with the taxonomy provided by the U.S. Department of Energy's Building Energy Performance Taxonomy, Version 2.1 [9] . Part 2 of the data dictionary provides a description of each of the 379 data channels available in the database. The Data Label gives the name assigned to each channel. Each of those channels is associated with a primary Subsystem: Domestic Hot Water (DHW), Solar Hot Water (SHW), Electrical and Thermal Loads (Loads), Heating and Cooling System (HVAC), Indoor Environment (IndEnv), Photovoltaic (PV), Outdoor Environment (OutEnv), Ventilation, Lighting, Electrical, and Instrumentation (Instr). The Instrumentation subsystem refers to equipment that would not normally be found in a house and so is not included in the determination of net energy operations. The Measurement Location of each measurement provides the place in the facility where the energy is consumed or the measurement is taking place. For example, while the heat pump provides conditioned air to the entire house, the primary measurements occur where the indoor unit is located, which is the basement. The Measured Parameter column groups the data by the primary measurement (e.g., Temperature, Energy, etc.) along with a more detailed description of that measurement type (e.g., Water vs. Air Temperature, Electrical vs. Thermal Energy). A Description of each data channel is provided along with the Units of the measurement.
Test Configuration
The test facility is equipped with a number of options for providing the services and amenities offered in a representative home. This section discusses the key aspects of the configurations in place for the first two years of testing.
Year 1
The key systems in place and operational schemes used during the first year of testing are shown in Table 2 . 
Year 2
The key changes that occurred in the second test year included an alternative dehumidification approach, a modified ventilation control scheme, and a switch to a more user-configurable wall-mounted thermostat. Table 3 provides the configuration of the NZERTF in Year 2. 
Disclaimers
The data provided are those measured from the sensors in the Net-Zero Energy Residential Test Facility. No efforts have been made to filter data or remove stray readings. Users should be aware that occasional problems occur with any sensing system and should therefore examine data for any anomalies and assess the validity of such data points. At times when no data are present from a particular instrument, an entry of "NA" is placed in the dataset. There may be other times when data are being recorded, but erroneous connections may result in a series of zeros in the dataset. Those values have not been removed, but the user is cautioned to be aware that they may exist in the dataset.
The experiment was monitored on a weekly basis to ensure that systems operated as planned, but inevitable experimental glitches occurred. Those glitches have been captured in a document included with the dataset. NIST is aware of several data gaps or operational anomalies that are reflected in the dataset for Year 2. The log provided in the "Known Data Gaps and Issues" section of the data website lists the known issues by the main subsystems: General, Solar, Ventilation, Indoor Air Quality (IAQ), Heat Pump, and Domestic Hot Water (DHW). Some of the key issues are as follows: 1) There were several occasions where sampling of the indoor air quality was taking place. During these occasions, blower fans for the central heat pump unit are maintained in the "On" position to assist in mixing the air, and additional instrumentation power and heat loads from the equipment are present. Those instances are noted in the IAQ section. 2) At the beginning of the year-long data collection period, some short term tests were conducted to evaluate the airflow measurement in the Heat Recovery Ventilator and to assess the transient response of the facility. These dates are noted in the "General," "Ventilation," and "Heat Pump" sections. 3) Snow cover of the solar panels is recorded in the "General and Solar PV Comments" section. 4) An incorrect setting of a valve on the solar thermal water heating system starting on February 19, 2015, and ending on March 17, 2015, caused a long stretch of operation without that system operational. 5) The heat pump unit was not working for approximately two days starting on May 30, 2015, due to the failure of a relay on the outdoor unit. 6) Approximately three days of data are missing starting on October 20, 2015, due to a problem with the data acquisition and control system.
The experimental setup called for resets of the data acquisition system at midnight. This process occasionally took several minutes, so some data points are missing at the beginning or end of days. For that reason, the number of data entries for each day may vary, and that number is typically less than 1440 (the number of minutes in a day). As noted, minutes with missing data are filled in with "NA" across all channels.
Impact
It is expected that the datasets can be used to improve the understanding of the performance of efficient homes. Modelers of building energy performance can use the data to validate computer simulations and to develop input parameters for particular equipment that might be present in homes. Developers of novel devices and control schemes for homes could use the data to better understand conditions present in an energy efficient house. Educators can use the data as part of projects for students to help improve the understanding of building systems and operations.
